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Previous studies have found Kunjin (KUN) virus isolates from within Australia to be genetically homogenous and that the 
envelope protein of the type strain (MRM61C) was unglycosylated and lacked a potential glycosylation site. We investigated 
the extent of antigenic variation between KUN virus isolates from Australia and Sarawak using an immunoperoxidase assay 
and a panel of six monoclonal antibodies. The glycosylation status of the E protein of each virus was also determined by 
N glycosidase F (PNGase F) digestion and limited sequence analysis. The results showed that KUN viruses isolated within 
Australia oscillated between three antigenic types defined by two epitopes whose expression was influenced by passage 
history and host cell type. In contrast an isolate from Sarawak formed a stable antigenic type that was not influenced by 
passage history and was distinct from all Australian isolates. PNGase F digestions of KI.JN isolates indicated that 19 of the 
33 viruses possessed a glycosylated E protein. Nucleotide sequence of the 5' third of the E gene of selected KUN isolates 
revealed that a single base change in PNGase F sensitive strains changed the tripeptide N-Y-F (amino acids 154-156 of 
the published sequence) to the potential glycosylation site N-Y-S. Further analysis revealed that passage history also had 
a significant influence on glycosylation. © 1995 Academic Press, Inc. 
INTRODUCTION 
Kunjin (KUN) virus is a mosquito-borne flavivirus that 
occasionally causes febrile illness or mild encephalitis 
in man. Kunjin is believed to be enzootic across most of 
Northern Australia and is occasionally active in the 
s0uth-east of the Continent (reviewed in Mackenzie et 
aL, 1994). Previous analysis by Haelll and Taql restriction 
digests of cDNA or RNAse T1 oligonucleotide mapping 
of more than 20 KUN isolates collected from various 
regions of Australia over a 25-year period from different 
biological sources has demonstrated genetic homogene- 
ity among these viruses (Lobigs et al., 1986; Flynn et 
aL, 1989). However, preliminary studies of MAb binding 
patterns to KUN isolates in our laboratory have revealed 
significant antigenic variation. 
The envelope (E) proteins of most flaviviruses are gen- 
erally glycosylated at one or two Asn-X-Ser/-I-hr sites 
(reviewed in Chambers et al., 1990), although unglycosyl- 
ated E protein has been reported for some isolates of 
West Nile, yellow fever, and St. Louis encephalitis viruses 
(Wengleretal., 1985; Ballinger-Orabtree and Miller, 1990; 
V0rndam etaL, 1993). Indeed, Wright (1982) showed that 
the MRM61C strain of KUN lacked glycosylation and this 
was confirmed when the isolate was sequenced and 
found to possess no potential glycosylation site on the 
~T0 whom correspondence and reprint requests should be ad- 
dressed at the Department of Microbiology, University of Queensland, 
St Lucia, OLD 4067, Australia. Fax, (07) 3654620. 
E protein (Cola et aL, 1988). However, no other isolates 
of KUN have been examined. 
In this study we explored the antigenic variation 
among 33 KUN virus isolates using a panel of mono- 
clonal antibodies and examined the glycosyiation status 
of the E protein of these isolates by N glycosidase F 
digestion and limited nucleotide sequencing. 
Cell cultures 
African green monkey (Vero)cells were grown in M199 
(Gibco) with 20 mM HEPES (Gibco) and supplemented 
with 2% L-glutamine and either 10% fetal bovine serum 
(FBS) for growth or 2% FBS for maintenance and incu- 
bated at 37 °. A line of Aedes albopictus (06/36) cells 
were cultured in M199 with no HEPES and supplemented 
with FBS as above for growth or maintenance. The cells 
were incubated at 28 ° in a humidified atmosphere with 
5% 002. 
Viruses 
Kunjin virus isolates used in this study are listed to- 
gether with their passage history and geographical 
source of isolation in Table 1. Other flaviviruses used in 
this study were Murray Valley encephalitis (MVE) strain 
OR1, West Nile (WN) Sarafend strain, Alfuy (ALF) strain 
MRM3929, and Kokobera (KOK) strain OR666. Stocks of 
each virus were prepared in cell culture by inoculating 
Vero cell monolayers with virus at an m.o.i, of 1. Infected 
Vero cell culture supernatants were harvested when the 
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TABLE 1 
KUNJIN VIRUS ISOLATES USED IN THIS STUbY 
Year of Passage 
isolation Virus ID Source ofisolate Place ofisolation histo~ a
1984 35911 
1984 Boo~ 
1972 CH151390 
1974 CH164650 
1974 OH16483E 
1974 0H166140 
1974 CH165320 
1974 OH16549E 
1982 0X238 
1982 0X255 
1986 FC16 
1991 HU6774 
1991 HUxSMB b 
1989 K1738 
1984 K2499 
1989 K5374 
1991 K6547 
1991 K6590 
1982 M698 
1983 M1465 
1966 MRM5373 
1960 MRM16 
1960 MRM61C 
1973 OR130 
1973 QR134 
1973 OR166 
1973 OR205 
1974 OR354 
1974 OR393 
1972 OR4 
1991 SH83 
1979 VVK436 
1966 MP502-66 
Horse brain 
Horse spinal cord 
Cu/ex annufir~ stris 
Cx annufirostns 
Cx ennufirostris 
Cx ennulirostris 
Cx annulirostris 
Cx ennulirostris 
Cx annufirostns 
Cx annulirostris 
Cx annulirostns 
Human 
Human 
Cx annulirostris 
Cx ennulirostr/s 
Cx annulirostris 
Cx annufirostris 
Cx annulirostris 
Cx annulirostris 
Cx annuliroatris 
Or/o/us flavocintus 
Cx annulirostris 
Cx annuliroetris 
Cx annulirostris 
Cx annulirostris 
Cx annufirostris 
Aedes tremulus 
Cx annufirostr/s 
Cx annulirostris 
Cx annulirostris 
Chicken 
Cx annulirostris 
Cx pseudovishnui 
Hunter, NSW 6smb/3v 
Boort, Victoria 5smb/3v 
Charleville, QLD 3smb/3v 
Oharleville, QLD 3smb/3v 
Oharleville, QLD 3smb/3v 
Charleville, QLD 3smb/3v 
Charleville, QLD 3smb/3v 
Charleville, QLD 3smb/3v 
Ord River, East Kimberley lsmb/lv 
Ord River, East Kimberley 2smb/3v 
West Kimberley 2smb/lv 
Southern NSW 106 
Southern NSW 1 O6/1 smb 
Ord River, East Kimberley 206/3v 
Qrd River, East Kimberley 2C6/3v 
South-east Kimberley 306/3v 
South-east Kimberley 206/2v 
Broome, West Kimberley ? 
Victoria 2smb/3v 
Victoria 3smb/3v 
Mitchell River Mission, QLD 3smb/3v 
Mitchell River Mission, QLD 7smb/3v 
Mitchell River Mission, QLD ? 
Qrd River, East Kimberley 5smb/3v 
Ord River, East Kimberley 2smb/3v 
Ord River, East Kimberley 3smb/3v 
Ord River, East Kimberley 6smb/3v 
Qrd River, East Kimberley 2smb/3v 
Ord River, East Kimberley 5smb/3v 
Ord River, East Kimberley 6smb/lv 
Victoria 4smb/3v 
Camballin, West Kimberley 206/4v 
Sarawak ? 
a smb, suckling mouse brain; v, Vero cell culture; C6, C6/36 cell culture. 
b HUxSMB derived from HU6774 by one passage in suckling mouse brain. 
cytopathic effect (CPE) viewed microscopical ly was 75% 
or more. Infected supernatant was clarified by centrifuga- 
tion at 2000 g at 4 ° for 15 min (Beckman, J6B) and aliquots 
were stored at -70  ° . 
For passage experiments, isolates were cultured on 06/ 
36 monolayers and supernatant was harvested at 96 hr 
postinfection. Isolates were then passaged in suckling 
mouse brain by inoculating 1- to 4-day-old specific patho- 
gen free Balb/c mice with 10 ffl of a 1/10 dilution of in- 
fected 06/36 culture supernatant by the IC route. Mice 
were sacrificed by 002 inhalation when moribund. Brains 
were aseptically aspirated using a 2-ml syringe and 21 
gauge needle, weighed, and homogenized to a final con- 
centration of 10% (w/v) in M199 with 2% FBS. The suspen- 
sions were clarified by centrifugation at 1000 g for 30 min 
at 4 ° and the supernatant was stored in 500-#1 aliquots 
at -70  ° . 
Hybridomas 
Young adult Balb/c mice (6-10 weeks of age) were 
immunized with 5 #g of purified KUN virus (strain OR393) 
by the intraperitoneal (ip) route. A second ip injection 
was given 4 weeks later and a third dose given intrave- 
nously after a further 8 weeks. Three days after the final 
boost, mice were culled and spleens removed for fu- 
sions. Hybridomas were produced by fusion of immune 
spleen cells with PRX63 myeloma cells and cloned and 
characterized as previously described (Hall etaL ,  1990). 
The properties of the monoclonal antibody produced by 
these hybridoma lines are listed in Table 2. 
Immunoperoxidase assay 
Confluent monolayers of Vero or C6/36 cells in 96-well 
plates (Falcon) were inoculated with viral stock (infected 
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TABLE 2 
MONOCLONAL ANTIBODIES USED IN THIS STUDY 
Monoclonal Protein Viral HI Neutralizing 
antibody Isotype specificity" specif icity b activity activity 
3.91D IgG3 E ° KUN - + 
3.1010 IgM E KUN - - 
10A1 IgGzb E KUN - - 
3,1112G IgM NS1 KUN/WN ~ - - 
2.22B IgM ?e KUN - - 
3.67G IgG~ E ° KUN + + 
Determined by Western blot of KUN-infected C6/36 cell lysate. 
b Determined by reactions with KUN, WN, MVE, ALF, and KOKviruses 
in immunoperoxidase. 
Reacted with reduced protein. 
dReacted with the Sarafend strain of West Nile virus. 
Did not react in Western blot. 
Ver0 culture supernatant) at an m.o.i, of 10. For passage 
experiments, 06/36 or suckling mouse brain superna- 
tants were used as the inoculum. After 2 days (Vero) or 
5 days (06/36) incubation the plates were fixed with PBS 
containing 20% acetone and 0.02% bovine serum albumin 
for 1 hr at 4 ° . The fixative was then removed and the 
plates were dried overnight at 37 ° and stored at -20  ° 
until required. 
N0nspecific binding sites in each well were blocked 
with 100 #1 of blocking buffer (50 mM Tris, 1 mM EDTA, 
150 mM NaOI, 0.05% Tween 20, and 0.2% casein at pH 8) 
for 1 hr. Monoclonal antibody supernatants were titrated 
down the plate in doubling dilutions in blocking buffer 
(50 #l/well) and incubated at room temperature for 1 hr. 
The plates were then washed four times with wash buffer 
(PBS with 0.05% Tween 20). Specifically bound MAbs in 
each well were incubated for an hour at room tempera- 
ture with 50 #1 of a 1/2000 dilution of affinity-purified 
goat anti-mouse IgG (H + L) conjugated to horse radish 
peroxidase (Bio-Rad). After six further washes, enzyme 
activity was visualized by the addition of 100 #1 ABTS 
substrate (1 mM 2,2' azino-bis[3-ethylbenzthiazoline-6- 
sulfonic acid] with 3 mM H202 in a citrate/phosphate 
buffer, pH 4.2) and the optical density measured by a 
3550 microplate reader (Bio-Rad) at the dual wavelengths 
0f414 and 492 nm. Plates of uninfected cells were used 
as controls when fixed C6/36 cells were tested, while 
MVE-infected cells were used as controls for the assay 
0n Vero cells. A monoclonal antibody was considered to 
bind specifically to an isolate if the absorbance at any 
dilution was greater than 0.25 and at least twofold greater 
than the absorbance produced by the same antibody 
dilution on fixed control cells. 
N glycosidase F (PNGase F) digestion 
One hundred microliters of each KUN isolate in Vero 
culture supernatant was denatured by boiling for 3 min 
in the presence of 1% SDS. EDTA was then added to a 
final concentration of 10 mM, n-octylglucoside to 1% and 
2 fl-mercaptoethanol to 1%. To each sample, 0.5 units 
of PNGase F (Boehringer-Mannheim) was added and 
incubated at 37 ° for 18 hr. The reaction was stopped by 
the addition of 100 ffl of reducing SDS-PAGE sample 
buffer and boiling for 3 min. MVE (OR1) and WN (Sara- 
fend) were used as the glycosylated controls. 
Western blots 
Using the Mini-protean II or Protean II apparatus (Bio- 
Rad), PNGase F-digested and mock-digested viral sam- 
ples were resolved on 10% SDS-PAGE gels. Separated 
proteins were then electroblotted onto 0.45-mm nitrocel- 
lulose membranes (Bio-Rad). Membranes were then in- 
cubated in blocking buffer for 1 hr at room temperature. 
MAbs 3.67G and 3.91 ,D, which bind to nonconformational 
epitopes on the E protein of KUN virus, were each diluted 
1/10 in blocking buffer and incubated with the membrane 
for 1 hr at room temperature with gentle agitation. Mem- 
branes were then washed three times for 5 min in wash 
buffer. A 1/2000 dilution of affinity-purified goat anti- 
mouse IgG (H + L) conjugated to HRPO (Bio-Rad) was 
incubated on the membrane for 1 hr at room temperature. 
The membrane was again washed three times and en- 
zyme activity was visualized by the addition of diamino- 
benzidine (0.05%) in PBS with 0.0025% H202. When bands 
were clearly visible the reaction was stopped by rinsing 
the membrane in distilled H20. 
Sequencing of the 5' third of the E gene 
Since the majority of flaviviruses possess a potential 
glycosylation site (Asn-X-Thr/Ser) at amino acid 154- 
156 in the E protein sequence (Chambers et aL, 1990), 
we determined the nucleotide sequence of the corre- 
sponding region in the E gene of selected KUN isolates. 
Oligonucleotide primers (24 mers) were designed from 
the published sequence of KUN (Cola et aL, 1988) and 
used in an RT/PCR on infected Vero culture supematant 
(SellneretaL, 1992) to amplifythe region spanning nucle- 
otides 1319 to 2579 of the KUN genome. Using the prim- 
ers 1319s (corresponding to nucteotide sequence 1319- 
1342) and 1755 (complementary to the nucleotide se- 
quence 1735-1755) and a Prism DyeDeoxy Terminator 
Cycle Sequencing kit (Applied Biosystems), both strands 
of the target region of the amplified cDNA fragment were 
sequenced and reaction products analyzed on a 373A 
automated DNA sequencer (Applied Biosystems). 
RESULTS 
Glycosylation of the Kunjin virus E protein 
Each KUN isolate was digested with PNGase F and 
the digests were resolved on PAGE and immunoblotted 
62 ADAMS ET AL 
A Cx238 MRM61C HU6774 B K5374 WK436 HUxSMB 
F- F+ F- F+ F- F+ MW F- F+ F- F+ F- F+ MW 
-106 K 
-80 K 
-49.5 K 
-32.5 K 
C MRM16 OR134 Boort SH83 D K2499 OR354 M695 
F- F+ F- F+ F- F+ F- F+MW F-F~- F -F+ F -F+ 
-106 K 
-80 K 
-49.5 K 
-32.5 K 
-27.5 K 
-106 K 
-80 K 
-49.5 K 
-32.5 K 
K1738 
F- F+ MW 
-106 K 
-80 K 
-49.5 K 
-32.5 K 
-27.5 K 
FiG. 1. (A-D) Western blot analysis of KUN virus isolates digested with PNGase F. KUN isolates in Vero culture supernatant were digested with 
PNGase F (F+) or mock digested (F-), resolved by SDS-PAGE on 10% minigels and immunoblotted with anti-E MAbs. MW represents prestained 
low range molecular weight markers {Bio-Rad). 
to determine the mobility of digested E protein compared 
with undigested control. The results showed that the mo- 
bility of the E protein of 12 of the 33 isolates increased 
compared to the undigested control indicating glycosyla- 
tion (Fig. 1 ). The Mr of the undigested protein was approx- 
imately 49-50K while the digested protein was approxi- 
mately 47-48K. A further 14 isolates showed no change 
in mobility of the E protein after digestion, indicating that 
they were unglycosylated. Bands in both digested and 
undigested samples from this group corresponded to a 
protein of 47-48K. The seven remaining isolates exhib- 
ited doublets (47-48 and 49-50) of E protein in the undi- 
gested samples which converted completely or predomi- 
nantly to the smaller form after digestion, indicating par- 
tial glycosylation of the E protein. The results of the 
PNGase F digestions were confirmed for two viruses by 
culture in the presence of 5 #g/ml of the glycosylation 
inhibitor tunicamycin. When the PNGase F sensitive virus 
Boort and the PNGase F resistant isolate 35911 were 
cultured with the drug, Boort showed an increased mobil- 
ity of the E protein in SDS-PAGE while 35911 was un- 
changed (results not shown). 
Nucleotide sequence analysis of the 5' third of E gene 
of selected KUN isolates was performed to determine 
whether the E protein of PNGase F sensitive isolates 
contained a glycosylation site at the same position uti- 
lized by most other flaviviruses. The results showed that 
a single base substitution at nucleotide 1421 in the KUN 
genome (Cola et al., 1988) changed the tripeptide N-Y-F 
(positions 154-156 in the published KUN sequence)to 
the potential glycosylation site N-Y-S in PNGase F sensi- 
tive isolates (Boort, MRM61C, and M695) (Table 3). This 
change did not occur in the PNGase F resistant isolates 
(MRM16, OR393, and 35911). However, it is worth noting 
that the nucleotide sequence generated from M695 
cDNA was ambiguous for the third codon of the tripep- 
tide. Although the predominant codon was UCC, which 
translates to the NYS glycosylation site, a significant frac- 
tion registered as UUC which translates to NYF in the 
unglycosylated form of the protein. 
Binding pattern of six MAbs to Kunjin virus isolates 
A panel of six anti-KUN MAbs was employed to investi- 
gate possible antigenic variation of KUN virus. From the 
binding pattern of these MAbs to 33 isolates of KUN 
virus cultured in 06/36 cells, four antigenic profiles were 
identified and are referred to as types 1-4 (Table 4). 
Twenty-one of the 33 KUN isolates were type 1, nine 
were type 2, two were type 3, and type 4 contained one 
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isolate. Types 1-3 consisted of Australian isolates of 
KUN while type 4 contained the Sarawak isolate. When 
the same KUN virus strains were cultured in Vero cells 
and tested by immunoperoxidase with the same panel 
of MAbs, seven isolates exhibited a different binding pro- 
file to that observed with infected 06/36 cells (Table 5). 
These seven lost expression of either one or both epi- 
topes recognized by MAbs 3.1010 and 2.22B (Table 6). 
To confirm that the variable reactions of MAbs 2.22B 
and 3.1010 with different KUN isolates were due to anti- 
genic variation and not a factor of antigen concentration, 
we titrated a type 1 isolate (OR393) and a type 2 isolate 
(K6647) in 10-fold dilutions and inoculated C6/36 cells 
f0rimmunoperoxidase analysis. MAbs 2.22B and 3.1010 
0tearly bound to the type one isolate up to the 10 -3 dilu- 
tion compared to 10 -5 for the control MAb 10A1 (Fig. 2). 
In contrast, these MAbs failed to recognize the type 2 
virus even at the lowest dilution of 10 -1 while 10A1 re- 
acted at the 10 -6 dilution. 
tion and then passaged in suckling mouse brain to pro- 
duce the virus HUxSMB (Phillips et al., 1992). When 
stocks of these viruses were analyzed by immunoperoxi- 
dase assay HU6774 was type 2 and HUxSMB was type 
3 (Table 4). 
To further explore the influence of passage history on 
antigenic type, five KUN isolates of types 1,2, and 3 were 
sequentially passaged through 06/36 cells and suckling 
mouse brain then tested by immunoperoxidase assay 
with each MAb. However, each isolate displayed the 
same antigenic type after passage (results not shown). 
When the same five isolates were tested by PNGase 
F digestion after serial passage in 06/36 cells, suckling 
mouse brain, and Vero cells, the two viruses derived from 
the human isolate (HU6774 and HUxSMB) had both lost 
glycosylation (Table 7). The glycosylation status of Boort, 
35911, and K5374 remained unchanged. 
DISCUSSION 
Effect of cell culture and suckling mouse brain 
passage on glycosylation and antigenic type 
When the passage history and antigenic type of each 
isolate was compared it was apparent that all type 1 
isolates and one type 3 isolate had been originally iso- 
lated by suckling mouse brain inoculation or had a his- 
tory of suckling mouse brain passage (Table 5). Con- 
versely, viruses that had been isolated by 06/36 cell 
culture inoculation and had no history of suckling mouse 
brain passage were predominantly type 2. This was typi- 
fied by one KUN strain, HU6774, which had been initially 
isolated from human serum by C6/36 cell culture inocula- 
TABLE 3 
00MPARISON OF E PROTEIN AMINO ACID SEQUENCE AND GLYCOSYLATION 
STATUS OF KUN ISOLATES AND WEST NILE VIRUS 
Amino acid sequence of Glycosylated 
Virus ID E protein E protein 
154 a 
MRM610 TVESHG NYF TQTGAA b _c 
MRM610 d TVESHG NYS TQTGAA +e 
35911 TVESHG NYF TQTGAA - 
£00rt TVESHG NYS TQTGAA + 
M695 TVESHG NYS/F TQTGAA r +e 
MRM16 TVESHG NYF MQTGAA - 
0R393 TVESHG NYF TQTGAA - 
West Nile TVESHG - KI - - -GAT g -~ 
~Arnino acid position in E protein of KUN. 
~Coia eta/., 1988. 
~Wright, 1982. 
JStock of MRM 610 used in our laboratory. 
~E protein observed as double bands in Western blot. 
~Mixed genotype translating to S and F at position 156. 
gWengler et aL, 1985. 
Thirty-two KUN isolates from Australia and one from 
Sarawak were tested for antigenic and glycosylation vari- 
ation and were found to be phenotypically heteroge- 
neous. The variable binding of MAbs 3.1010 (anti-E) and 
2.22B (reactive protein unknown) allowed the grouping 
of the Australian isolates into three antigenic types (1, 
2, and 3). However, the significance of the variation in 
expression of these epitopes from an evolutionary point 
of view is doubtful. Several isolates were shown to lose 
one or both of these epitopes after culture in Vero cells 
(Table 6) and one isolate (HUxSMB), which was derived 
from HU6774 by one passage in suckling mouse brain, 
appeared to gain exPression of epitope 3.1010 (Table 
4). Since the immunoperoxidase assay employed in this 
study requires growing the virus in cell culture prior to 
staining, we could not identify the exact level of passage 
where antigenic changes occurred. However, it is appar- 
ent that this oscillation between types 1, 2, and 3 was 
most likely the result of subtle, selective pressures ex- 
erted by different host cell types. Reversible phenotypic 
variation has previously been reported for the E protein 
of KUN virus cultured in different cell lines (Ng and Wes- 
taway, 1983). When KUN virus was grown in Aal Aedes 
albopictus cells, they observed an increased mobility of 
the E protein in PAGE and a loss of hemagglutination 
activity when compared to virus cultured in C6/36 or Vero 
cells. However, the phenotype was restored after a single 
passage in Vero cells. Host cell adaption has also been 
responsible for changes in the amino acid sequence of 
the E protein of MVE virus after serial passage in SW13 
cells (Lobigs et aL, 1990). 
The peculiar MAb binding pattern of the KUN isolate 
from Sarawak on the other hand more likely reflected 
divergent evolution. The epitope recognized by MAb 
10A1 was absent on this isolate but conserved on the E 
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TABLE 4 
BINDING PAqq-ERNS OF ANTI-KUN MAbs TO KUN VIRUS ISOLATES MEASURED BY IMMUNOPEROXIDASE STAINING OF INFECTED 06/36 CELLS 
Monoclonal antibody 
Antigenic 
Virus ID 3.91D 3.101C 10A1 3.1112G 2.22B 3.67G type 
35911 >256 a >256 >256 >256 128 >256 1 
CH 161390 >256 >256 >256 128 8 . >256 1 
CH164650 >256 >256 >256 128 64 >256 1 
CH 16483E 128 128 > 256 128 128 >256 1 
CH 165140 126 >256 >256 > 256 64 >256 1 
CH 165320 >256 32 >256 64 16 > 256 1 
CH 16549E 128 >256 >256 >256 >256 >256 1 
CX238 >256 >256 >256 >256 32 >256 1 
M695 >256 >256 >256 128 " 64 >256 1 
M 1465 >256 >256 >256 > 256 >256 >256 1 
MRM5373 128 64 >256 32 64 >256 1 
M RM 16 >256 128 > 256 >266 128 >256 1 
MRM61C >256 64 >256 >256 4 >256 1 
OR130 126 126 >256 >256 64 >256 1 
OR134 >256 >256 >256 126 4 >256 1 
OR166 64 128 >256 >256 16 >256 1 
0R205 >256 64 >256 >256 16 >256 1 
OR354 >256 >256 >256 64 64 >256 1 
OR393 >256 >256 >256 32 32 >256 1 
OR4 128 128 >256 64 16 >256 1 
CX255 >256 32 >256 >256 4 >256 1 
Boort >256 <4 >256 >256 <4 >256 2 
FC15 128 <4 >256 > 256 <4 >256 2 
HU6774 >256 <4 >256 128 <4 >256 2 
K1738 128 <4 >256 128 <4 >256 2 
K5374 128 <4 >256 64 <4 >256 2 
K6547 64 <4 >256 4 <4 >256 2 
K6590 16 <4 >256 128 <4 >256 2 
SH83 >256 <:4 >256 128 <:4 >256 2 
WK436 >256 <:4 >256 >256 <:4 >256 2 
K2499 >256 16 >256 >256 <4 >256 3 
HUxSMB 128 >256 >256 >256 <:4 >256 3 
M P502-66 > 256 >256 <:4 128 <:4 >256 4 
WN <:4 <:4 <:4 128 <4 <4 - -  
MVE <:4 <:4 <:4 <4 <4 <4 - -  
Reciprocal of highest MAb dilution to produce an OD >t0.25 and at least twice that produced by the same dilution on control antigen. 
protein of all Australian isolates and was not observed to 
vary with passage or host cell type. Sarawak represents a 
different zoogeographical region to Australia, and it is 
reasonable to assume that virus populations in these 
two regions have evolved separately. Significant genetic 
and antigenic variation has also been observed between 
MVE viruses collected in Australia compared with MVE 
isolates from Papua New Guinea (Coelen and Macken- 
zie, 1988; Lobigs eta/., 1988; Hall, 1989). 
Our finding that some KUN isolates, including the 
sequenced strain MRM610, have the E protein glyco- 
sylated at amino acid position 154 was in contrast to 
previous reports (Wright, 1982; Cola et al., 1988). The 
former study showed that MRM61C contained no car- 
bohydrate attached to mature E protein while the latter 
revealed that there was no potential glycosylation site 
at this position. However, this anomaly can be ex- 
plained by our finding that limited passage of some 
KUN isolates can cause a change in the glycosylation 
status of the E protein and that this can be achieved 
by a single base substitution. An identical amino acid 
substitution (NYS to NYF) has been reported to occur 
at the same site on the E protein of an unglycosylated 
isolate of SLE virus (Vorndam et aL, 1993). It is there- 
fore tempting to suggest that similar mutations may 
occur between the glycosylated and unglycosylated 
forms of West Nile virus. However, examination of the 
published sequence of the unglycosylated strain of 
West Nile (Wengler et aL, 1985) reveals that this is 
unlikely. A deletion of four amino acids in the corre- 
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TABLE 5 
PHENOTYPIC VARIATION AMONG KUNJIN VIRUS ISOLATES 
Virus ID 
Antigenic type 
Method of Glycosyiation 
isolation a of E protein b C6/36 ° Vero ~ 
35911 smb - 1 1 
0H151390 smb + 1 1 
0H16465C smb - 1 1 
OH16483E smb - 1 1 
0H165140 smb - 1 1 
0H165320 smb - 1 1 
0H16549E smb + 1 1 
0X238 smb + 1 2 e 
0X255 smb - 1 2 e 
M695 smb + 1 1 
M1465 stub - 1 1 
MRM5373 smb - 1 1 
MRM16 smb - 1 1 
MRM610 smb + 1 2 e 
0R130 smb - 1 1 
0R134 smb + 1 1 
0R166 smb + 1 1 
OR205 smb - 1 3 e 
0R354 smb + 1 2 e 
0R393 smb - 1 1 
0R4 smb - 1 3 ~ 
Boort smb + 2 2 
F015 smb + 2 2 
HU6774 06/36 + 2 2 
K1738 06/36 + 2 2 
K5374 C6/36 + 2 2 
K6547 C6/36 + 2 2 
K 6590 C6/36 + 2 2 
SH83 smb - 2 2 
WK436 C6/36 + 2 2 
K2499 C6/36 + 3 2 e 
HUxSMB smb + 3 3 
MP502-66 smb + 4 not tested 
~Virus originally isolated by inoculation of suckling mouse brain 
/smb) or 06/36 cell culture. 
Glycosylation status determined by PNGase F digestion. 
Clmmunoperoxidase staining of infected 06/36 cells. 
qmmunoperoxidase staining of infected Vero cells. 
eOhanged antigenic type when cultured in Vero cells. 
sp0nding reg ion  of  the  E prote in  of  West  N i le  v i rus  
replaces the N-Y -S /F -T -Q-T  sequence  of  KUN wi th  the  
amino acid sequence  K-I (Tab le  3). 
The appearance  of  g lycosy la ted  and ung lycosy la ted  E 
protein in und igested  samples  ana lyzed  by Western  b lot  
was observed for  some KUN iso lates .  Vorndam et al., 
(1993) also noted doub le  bands  of  E pro te in  in i so la tes  
of St. Louis encepha l i t i s  v i rus  and conf i rmed them to be 
glycosylated and ung lycosy la ted  by HPLC.  They  pro-  
posed that a por t ion  of  the  E molecu les  fo lded  rap id ly  
after synthesis obscur ing  the  potent ia l  g lycosy la t ion  s i te 
before process ing  cou ld  take  p lace.  However ,  sequence  
analysis of one  KUN i so la te  (M695)  exh ib i t ing  both fo rms 
TABLE 6 
EFFECT OF HOST CELL TYPE ON THE BINDING OF MAbs 3.1010, 2.22B, 
AND 10A1 TO KUN ISOLATES IN IMMUNOPEROXIDASE ASSAY 
Mab 3.101 Mab 2.22B Mab 10A1 
Virus ID C6/36 a Vero a C6/36 Vero C6/36 Vero 
0x238 >256 b <4 32 <4 >256 64 
0x255 32 <4 4 <4 >256 >256 
MRM610 64 <4 4 <4 >256 >256 
OR205 64 64 16 <4 >256 >256 
K2499 16 <4 <4 <4 >256 >256 
OR354 >256 <4 64 <4 >256 >256 
OR4 128 32 16 <4 >256 128 
35911 >256 >256 128 128 >256 >256 
a Immunoperoxidase assay was performed on acetone-fixed infected 
monolayers. 
b Reciprocal of highest.MAb dilution producing an OD />0.25 and at 
least twice that produced by the same dilution on control monolayers. 
of  the E prote in  in Vero  cu l tu re  supernatant  revea led  a 
mixed  genotype  wh ich  cou ld  t rans la te  to both NYF and 
NYS at pos i t ions  154-156.  Th is  p rov ides  an a l te rnat ive  
1.6.1.8~. ~ i .....E~3.1olc 
1.2 
o.81 
~. 0.61 
0 0.4 
0.2 
0 I I 
-1 -2 -3 -4 -5 -6 -7 -8 -9 
Virus Dilution (Log 10) 
B 2,5 ( I ~ ~ H ~  ~ - - -  10A1 
-1 -2 -3 -4 -5 -6 -7 -8 -9 
Virus Dilution (Log 10) 
FIG. 2. Binding of MAbs to KUN isolates at a range of antigen concen- 
trations. Stocks of type 1 isolate OR393 (A) and type 2 isolate K6547 
(B) were diluted from 10 -~ to 10 -9 M and dilutions used to inoculate 
C6/36 cell monolayers in 96-well plates. Infected cells were fixed and 
stained by immunoperoxidase 4 days later using MAbs 2.22B, 3.1010, 
and 10A1. 
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TABLE 7 
EFFECT OF CELL CULTURE AND SUCKLING MOUSE BRAIN PASSAGE 
ON GLYOOSYLATION OF THE E PROTEIN OF KUN ISOLATES 
Glycosylation of E protein a
Virus ID Before passage ~ After passage ° 
Boort + + 
35911 - - 
K5374 + + 
HU6774 + - 
HUxSMB + - 
a Determined by PNGase F digestion and Western blot analysis. 
Vero stock. 
c After serial passage in C6/36 cells, suckling mouse, and Vero cells. 
exp lanat ion  for the appearance  of g lycosy la ted  and un- 
g lycosy la ted  bands  in cu l tures  of th is  i so la te  and sup-  
p l ies fur ther  ev idence  of the mutat ion  of i so la tes  f rom 
one  g lycosy la t ion  state to the o ther  dur ing  passage  in 
cel l  culture.  
We found no cor re la t ion  between the g lycosy la t ion  sta-  
tus of the E prote in  and ep i tope  recogn i t ion  by ant i -E 
MAbs .  Th is  is cons is tent  w i th  the  f ind ings  of Wink le r  et  
al., (1987) and Vorndam et  al., (1993) who observed  that  
p resence  or  absence  of g lycosy la t ion  on the  E prote in  
of t i ck -borne  encepha l i t i s  and St. Lou is  encepha l i t i s  vi-  
ruses,  respect ive ly ,  had no ef fect  on MAb b ind ing  aff ini- 
t ies. 
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